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A ppendix A 

Diversity amongst anti-hapten antibodies 

This appendix outlines some of the studies that have been performed to determine the 
extent of variation between different antibody molecules raised against a common, simple 
determinant. Four different examples are provided, in which four different haptens were used as 
the immunogen. Copies of the respective academic publications are provided herewith. 

These and other studies demonstrate that widely diverse sequences are generated during 
the immune response to any particular antigen, due to a combination of V, D, and J region 
selection, VJ and VDJ splicing, and somatic mutation. 

The operation of these events make it essentially impossible to identically reproduce an 
antibody with a somatically mutated sequence by immunizing a second animal. Clones 
producing antibody molecules with identical sequences have been described only: a) when based 
on a nearly un-mutated germ-line sequence, in which case the antibody is observable during the 
primary response; or b) when obtained from the same animal, in which case the responsible 
antibody-producing cells are derived from the same clonal progenitor. 

Example 1 : 

Nahmias et al. (1988, J. Immunol. 140:1304) raised a panel of 14 monoclonal antibodies 
against the fl-adrenergic hapten alprenolol, also using the same mouse strain. The 14 antibodies 
utilized at least seven V L , four J L , eight V H , and three J H genes (Table I), and also demonstrated 
extensive splicing and mutational diversity (Figures 3-5). Only three pairs of hybridomas used 
the same H and L chain gene rearrangements; each related pair was obtained from a single mouse 
and was apparently derived from the same clone (page 1308, \ 3). 

Example 2: 

Stenzel-Poore et al. (1989, J. Immunol. 143:4123) raised a panel of monoclonal 
antibodies against phosphocholine (PC) in BALB/c mice and Fl hybrids. Fourteen monoclonal 
antibodies were selected from the high affinity Group II anti-PC that emerge in the secondary 

19 



response. The 14 antibodies utilized four V L , six J L , six to eleven V H , four J H genes, and more 
than five D genes (Table III). The antibodies each had an average of 3.6 replacement mutations 
in the heavy chain and 3.1 replacement mutations in the light chain (Table V). Here, as in other 
studies, the mutations were found throughout the variable region — they were enriched in the 
complementarity determining region (CDR), but also occurred in the framework (Table V). 

Example 3 : 

Blier et al. (1987, J. Immunol. 139:3996) obtained monoclonal antibodies specific for 4- 
hydroxy-3-nitrophenyl acetate (NP). Twenty eight hybridomas were obtained during the 
secondary response in the same mouse. Fourteen were derived from different clones. Amongst 
the 14 families, about 3 different V H , 3 different D and 3 different J H were used (Table I). Nine 
families used the same V H and D region genes, but were all spliced differently to create 
differences in the CDR4 region (Figure 1). Amongst the 28 antibody panel, there was an average 
of 8. 1 amino acid replacements in each heavy chain variable region (Table III). On average, 2. 5 
replacements had occurred after divergence of members of each clone family (Table III). This 
indicates that somatic mutation is an ongoing process within B-cell clones during the immune 
response. 

Example 4: 

Leahy et al. (1988, Proc. Natl. Acad. Sci. USA 85:3661) raised a panel of 12 
monoclonal antibodies against a DNP spin-label hapten. The mouse strain used was BALB/c, 
the same as was used in the disclosure of the instant application to develop 1 A7. The amino acid 
sequences of both the heavy and light chains of the Leahy panel demonstrate that different clones 
are derived from different germ-line V genes, exhibit junctional diversity around the splice sites, 
and show mutational divergence from common germ-line precursor sequences. As a result, the 
sequences are dramatically different amongst the antibodies. These sequences are reproduced 
below: 
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Vol. 85. pp. 3661-3665. June 19S8 
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Fig. l. Deduced amino acid sequences of the V regions of the heavy chains of the anti-DNP-SL monoclonal antibodies AN01-AN12. 
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. 2. Deduced amino acid sequences of the V regions of the light chains of the anti-DNP-SL monoclonal antibodies AN01-AN12. 



